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Abstract
We optimized the formation process of the YbBa2Cu3Oy superconducting thick film prepared from the mixture of Yb2BaO4, BaCuO2,
and CuO. Thick films of this composite were sintered at various temperatures between 800 oC and 1025 oC and held for 10 minutes 
in air, then rapidly quenched in liquid nitrogen. The samples were characterized by XRD, SEM, and magnetization measurements. 
The XRD analysis indicated that the Yb-123 phase started to form above 800 oC, with optimum at 825 oC. At even higher 
temperatures (900 oC and 975 oC) the secondary phase and liquid phase predominantly formed. Based on these results, we fabricated 
good quality YbBa2Cu3Oy thick films on an MgO substrate utilizing a double step heating process. According to XRD measurements 
the Yb-123 films were c-axis oriented, with Tc (onset) 87 K, and high critical current density around 24 kA/cm2 at 77 K, H//c-axis.
The Yb-123 superconducting thick films on the MgO substrates are considered as the first step to the production of silver sheathed 
tapes, an advanced analogue to the Bi-2223 system.
© 2016 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the ISS 2015 Program Committee.
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1. Introduction
An outstanding endeavour in the field of high-Tc superconductor technology is now oriented towards development of 
low cost, high performance superconducting tapes and wires [1-4]. The up-to-date silver sheathed Bi-based HTS tapes 
and the coated conductor “CC” Y-123 tapes are now considered the most promising [5, 6].  Both types of cables are 
commercially available on the market. YBa2Cu3Oy “Y-123” is more attractive, since it can operate at liquid nitrogen 
temperature (77 K) [5-8], while Bi2Sr2Ca2Cu3O9 tapes exhibit competitive properties only at low temperatures, below 
30 K. Recently, superconducting CC GdBa2Cu3Oy “Gd-123” tapes with high critical currents at high magnetic fields 
have been developed. Further optimization of the material properties at long production lengths and increased 
thicknesses, together with a substantial cost reduction are crucial for utilizing these materials in advanced applications. 
Our recent reports clarified that good quality thick RE-123 (RE: Er, Gd) films can be produced on MgO and Ag 
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substrates utilizing mixture of RE2BaO4 (Gd-210 or Er-210), BaCuO2, and CuO precursors. The Ba-Cu-O component in 
the precursor is melted at about 900 oC, which greatly improves quality and densifies the 123 product [9]. Quench 
experiments indicate that a dominant 123 phase can be produced below silver melting temperature [10]. We also 
prepared thick DyBa2Cu3Oy “Dy-123” films on MgO single crystalline substrates [11]. However, the superconducting 
Dy-123 phase forms quite close to the melting temperature of silver, in particular when produced in air. It is, therefore, 
of a great interest to study the lower-melting RE-123 materials, like Yb-123.
In the present work we report on the processing and characterization of Yb-123 thick films processed in air. To 
establish the temperature profile necessary for preparation of good quality Yb-123 films on MgO substrates, quench 
experiments have been conducted at different temperatures. All quenched samples were analyzed using XRD and SEM.
We realized that a single-step annealing process was not optimal and introduced a double-step sintering process.
2. Experimental
Home-made Yb2BaO4 and high purity commercial powders of BaCuO2 and CuO were mixed in the nominal 
composition of YbBa2Cu3Oy and ball milled for 2 hours in order to reduce particle size to nanoscale order [12]. These 
powders were air dried, then vacuum dried at 200oC for 6 hours, and finally cooled down to room temperature. Mixture 
of alpha-terpineol and 2-ethyl acetate was used as a solvent to which the 100 nm sized stoichiometric powder mixture 
was added and grinded for several hours to form a highly dense paste. The thick films (about 0.5 mm thick) were
prepared by spreading the paste on commercial MgO single crystal substrates by means of a screen printing technique 
through a 165-mesh screen. In the first experiment, to optimize the temperature profile, the films were put into a tube 
open air furnace and after reaching the required quench temperature between 800oC and 950oC they were held at this 
temperature for 10 min. and then rapidly quenched in liquid nitrogen (77 K). Subsequently, the samples were cleaned in 
an ultrasonic cleaner and dried in a drying box, to be ready for characterization. In the second experiment, utilizing the 
quench results, the samples were grown in the following two step heating process in air. Within 6 hours the films were 
heated up to the maximum temperature between 930 and 935oC, held there for 10 min., then cooled in 50 min. to the 
growth temperature, 825oC, and held there for 2 hours. Subsequently, they were cooled down during 8 hours to room 
temperature. The structure of the samples was determined by means of a high-resolution automated X-ray powder 
diffractometer RINT2200. For magnetic measurements small specimens with dimensions of a u b u c = 1.5 u 1.5 u 0.5 
mm3 were cut from the as-grown films and annealed in flowing O2 gas in the temperature range 475-425oC for 50 
hours. The microstructure of these samples was studied with a scanning electron microscope (SEM) and 
superconducting transition was estimated using a commercial SQUID magnetometer (Quantum Design, model 
MPMS7).
3. Results and discussion
3. 1.Quench experiments on Yb-123 thick films on commercial MgO single crystal substrates
To estimate the best growth temperature for the production of Yb-123 thick films on MgO substrates, quench 
experiments were performed in various temperatures between 800 oC to 1025 oC as described above. In the samples 
quenched at 825 oC the main phase was Yb-123 (see Fig. 1, bottom).
FIG.1. X-ray diffraction (XRD) patterns of Yb-123 thick films prepared using a mixture of Yb2BaO4, BaCuO2, and CuO as a precursor. These films 
were sintered at temperatures 825 oC (bottom), 900 oC (middle), and 975 oC (top) and held at these temperatures for 10 min. in air, then rapidly 
quenched in liquid nitrogen (77.3 K).
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When the quenching temperature was above 825oC, the Yb-123 phase converted into a mixture of Y-211 and liquid 
phases. In the films quenched from around 900oC the dominant phase was Yb-211 along with the liquid phase (Fig. 1, 
middle). When the sintering temperature was above 900oC (up to 1025oC), the main part of the film was liquid with 
some modified Yb-211 (see Fig. 1, top). The similar behaviour was also observed in bulk Gd-123 samples quenched 
from various temperatures. These results clarified that the optimum growth temperature for Yb-123 thick films is
around 825oC. Further, to understand better formation of various phases at different temperatures, all the samples were 
studied by means of scanning electron microscope; selected results are presented in Fig. 2. As mentioned above, in the 
films quenched from 825oC the major phase was Yb-123 (see Fig. 2, left). With an increasing temperature the films 
were composed of Yb-211 and liquid, in accord with the XRD measurements. At around 925oC the films become 
composed of liquid and long needle-shape Yb-211 particles (see Fig. 2, right). Quench results confirmed that 825oC is 
the optimum temperature for the Yb-123 phase growth, while at around 975oC most phases convert into Yb-211 and 
liquid phase.  Using these results, we grew thick superconducting films of Yb-123.
FIG. 2.  The SEM micrographs of Yb-123 thick films prepared using a mixture of Yb2BaO4, BaCuO2, and CuO as a precursor. The samples were 
quickly heated to 825 oC (left) and 975 oC (right), held at these temperatures for 10 min. in air, then rapidly quenched in liquid nitrogen (77.3 K). 
3. 2 Processing of Yb-123 thick films in the double-step sintering regime
Figure 3 shows the XRD results of two Yb-123 samples heated for 10 min at 935 oC and 2 h at 825 oC (see Fig. 3, top) 
and for 10 min at 930 oC and 2 h at 825 oC (Fig.3, bottom), both sintered in air.  The prominent peaks in the XRD 
spectra can be indexed to the (0 0 l) reflections of Yb-123 phase.
FIG.3. X-ray diffraction (XRD) patterns of Yb-123 thick films prepared using a mixture of Yb2BaO4, BaCuO2, and CuO as a starting material. The 
films were produced using the double step sintering process, 10 min at 935 oC and 2 h at 825 oC (top) and 10 min at 930 oC and 2 h at 825 oC
(bottom).
The appearance of the 123 peaks indicates that the films are strongly c-axis aligned normal to the film’s surface. We 
note that when sintered at 935 oC and grown for 2 h at 875 oC, single-phase Yb-211 films were obtained. To check the 
superconducting performance of these films, both films were annealed in flowing O2 gas in the temperature range 475-
425 oC for 50 hours. The temperature dependence of magnetization was measured using SQUID magnetometer. The 
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results are presented in Fig. 4.  One can see the superconducting transition at Tc (onset)=87 K, with a broad 
superconducting transition.  These results indicate that thick Yb-123 films can be produced for a short time when using 
Yb-210 as a starting product. It might be attractive for commercial production, e.g. the silver sheath wire technology. 
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FIG. 4. Temperature dependence of the normalized ac susceptibility of the YbBa2Cu3Oy thick film on MgO substrate processed in air in the double
step regime (left). The critical current density performance for the same material presented in left at 77 K, H//c-axis (right).
Fig. 4 right shows the critical current density performance for the YbBa2Cu3Oy thick film on MgO substrate processed 
in air in the double step sintering process, which is similar to the composition presented in Fig.4 left. The magnetization 
loops were measured at 77 K using a SQUID magnetometer and the critical current density was estimated with the 
extended Bean model [13]. It is worth noting that the critical current density for the YbBa2Cu3Oy think film processed 
10 min at 935 oC and 2h at 825 oC reached 24 kA/cm2 in self-field at 77 K. Anyway, further optimization of the 
processing and oxygenation conditions are required for obtaining superconducting thick films with a sharp 
superconducting transition, which will definitely improve the YbBa2Cu3Oy thick films’ performance. We therefore 
believe that the preliminary data of the YbBa2Cu3Oy thick films have a large potential for several industrial applications,
especially the power industry as the silver sheath wire technology. 
4. Summary
We have produced superconducting thick Yb-123 films on MgO substrates using as a starting material a mixture of 
Yb2BaO4, BaCuO2, and CuO in the stoichiometric Yb-123 ratio.  Quench experiments clarified that optimum growth 
temperature for the production of Yb-123 was around 825 oC.  XRD results indicated that a double step heating process 
worked very well in producing superconducting Yb-123 thick films on MgO substrates. The films exhibited 
superconducting onset at around 87 K and the critical current density in the self-field and 77 K of 5 kA/cm2. The use of 
a mixture of Yb2BaO4, BaCuO2, and CuO in the stoichiometric Yb-123 ratio as a starting material brought several 
advantages, like a shorter processing time and a lower processing temperature as compared to the melting temperature 
of silver. It is a good promise for commercial fabrication of silver sheathed thick superconducting films.
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